
K a,-- 1.1am d I-Jinl{ l<jxpcrirncnt  (Karl 1 l.)l{;) l.)cscript)ion
am d P d i m i n ajry 1 {mu 1 ts

s. IIillcdi

‘I1lIC  Ka-1.JaIJd  l,i]lk  l{;xpc.rilnc.]~t  (]<a] 11 ,1;) ]vit]l  t]IC Afiars  ohsmvcr  (h40) spacxcr<ift  is part o f

alt oll-r;oill$;  c, f[’ort  to C,st,aljlis]l  Vial.)i]ity  of t]IC .34 /32 (;]]Z frcqucllc.y l):IIICIS  for colllljl[lllic:~tioll

\\’itll clccp spat.c S])accxr?(ft. ‘1’hc ovcral]  ol)jcctivc  of tl)c cx])clilncmt  is to cwluatc  for  the

first time, LIIC IJcrforln:il,cc  of a sl~;,ccclaft  t,c) gyouI,d coll)IJl~lI)icatic)ll  link (dcwnlink)  at 33.7

(JIIZ (Ka-lldncl) rc]ativc  LO it S.4 (;J]z (X-]3aIIci) dolvl]link,  c,urlcntly  tllc highest  l)ccp S p a c e

Nctwc)rk (1 )SN ) ol)cratin,g  frcqucm cy. ‘J’llis illfoIInatioll  will used to dcsig]l future deep spat.c

lnissic)lls  lvhich will opcrat,c at Ka-llaIld.

I;igum  1 dq)icts  llS’S -13 (l{(!l)  st,atic)ll) and 1) SS-24 (opcratic)na]  s tat ion) ‘[ ideal  l{a-

l.)alld” 11’jt]l all aljsol~lt~ ma~il)~~lll~  p~~f~ll~lallcc  aclva]ltap;c  c)f about 12 d]]  (baSC[l  SOIC!lY 0 ] 1
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At]nosphcwic  tcnl]m]atm’c,  ])1’(!SS111’(!  Zilld ]IUIni(]itj’

WilIcl  sl)cccl  alId dircxtion

liain  al)d lain rate!

W a t e r  Vapor and  droplds  ill antclllla  l}cam

AIJhIIIa  ]Jl)ysic.al  tcm~])craturc

AI)tCIIIIa pointing an~;lcs aIId poi~}t,illg  errors

Subrdlcctor  position

Systcm lloisctcltl])cl:~tlllcat  X aIId l{a-b and

Carrier SNltat  X slid  Ka

Sym])ol  SN1{ a t  ~ and Ka (c)II]>~f[)I’~5~].)])s)

l{angi]]g  delay diffcuulcc  X vs. l<a-l~alld

St,art  and cnd of p-ass (l)cr  oc.c.urwmcc)

Start of acclllisiti(Jl)  /lc!tlcclllisitic  jIl (])cl  C)ccurrcl]cc)

‘1’ilncs  o f  calric.r,  sul.)carricx aIId symbol lock (pm occurIwIcc)

[1’i]ncx+ of loss of 10C+ (l)cI  occ.LIrIcIIcc)

Ka .311d X-13alId spcc.tra  (as  rcxluircxl)

‘J’lIc  followil]g  paIaIJICtCIS  lvcrc com])utcxl:

l{cxzivd  canicr at X aIId l<a-l)al]d

‘J’otzil  signal  power  at X al]d l<a-lml][l

l{atic)  of l{a-bal~d  to X-baIId  carrier SNll aIId tc)tal ]JOWCY

X-band vs. Ka-1.)and carrier pl]asc  difl’cvcl)tials

IJo])])lw msidua]s  (I{a-1.)al)d  at 1) SS-13  vs X-balId  at llSS-

IIit error rate at l{a-bane] vs. X-l~alicl

AIltCIJIIa  gain vs. clcnmtion vs. wcmthcr  paramdcm

A~ltcml)a pointing  errors vs. clcvatioll vs. WCMtlICI

atio

5)

A l)ata IIandling  ‘J’cmnil)al  (1)11’1’) lIas bcwII  ])rc)vidcd as the Kalll,lt  USCI illtcrfacc  to tllc

st, atioll. ‘I’l Ic 1)11’]’  provides interfaces wit,}l t~lro Aclvallcd  ]{cc.e.ivc,ys  (A]{.X)S)  and t,hc station



nlol]itor  al]d c o n t r o l  (N4 &7, C) wl.mystcm. ‘J’lIc software in the 1)11’1’  acccml~)lishcx  data ac-

quisition, IJrocmsing,  plotting, rcc.ordillg,  retrieval, lnallipulat,ioll,  aIId disl)lay  rcquimlnellts.

‘J’lIc Kalllj]’;  systmn d iagram i s  showII in l“ig. 5 wl]crc  tllc  Inic.mwavc  subsystcm  c o n t a i n s

tlIc  Ka-Land and X-baIICl l o w  noise  am])lificrs  (I, NA’s)  follo~vcd  Ly  (lo}~~llcoll~~clsic)ll  to tl}c

200-300 h411z ra]]gc. ‘1’l)c l{a al][l X-Land illtcrmcdiatc  frc.qucvic.y  (11”) sigl~als  ale tlIcn

distriLutcd  t} IIouglI LIIC I]J distri  Lutio]]  assc.IIIIIly to various sul.)syst,cms  Lllat i]]dudc  a multi-

to]lc  rcc.cilrcr, a 1 )opj)lcr  tuIIcI, two adv2illc,c.d  rcccivcrs  aIId two total ]>owm radio] ]]ctcrs.  ‘~’l Ic

1)0])]’) 1(!1’ tllllcl’ Opcx’at(:s only olI tl]c  Ka-l)iilId  sig!)al  as tllc  latter mpcricnccs  Inorc  1 )o])plcr

shifts, ‘J’llc  l)opp]cr  tu]]cr uses frcquc]lcy  ]>m.dic.ts  t o  r emove  ]nost  Ka-La]ld 1)01)1)10 ra te

so t,llat tlIc dc]]lodulat,  iol) proc.css  is easier. ‘I’llcl]llllti-tollc lccci~(:lc)l  )clatcs 011 tl]c carrier

col)l]jollcllts  and IISCX inforlnatio]l  ~)mvidcxl Ly the X-l)a]ld  signal  to lock and dcmodu]atc  the

1{ a-ballcl sig]lal C:vcll fol cxtrcl  Jdy weak sccl)arios. ‘J’hc Alt X’s outl)ut  soft syIIIlmls wl]ich  arc

tlICII dcc.odcd to ol~tai])  tlIc  bits. ‘1’llc  two Lit stIcaIns  (flom X and Ka) arc tlIcl I com])arcd ill

tllc  1)11’J’ to IJmvidc  a IIit l’hror  l{atc (111; 1{) II ICaSUICIIICIIt  oI] the l{a-LaIId  sig]lal  :issulning

t]lat tllc  X-l)aIId  siglla]  i s  idml (\vllicll i s  rcasollaLlc  due to I,llc lligl~  sylnl)o] SNI{.). l“igurc

6(a) depicts the rcccivcd l’7./Ar0 ill d]]-]  IZ fro]n  tlIc tilm tlic  II(; A is dc]~loyd  (wllicll  is 100

days iiftcr  ]auncll).  A mitli]nu~n  of 29 dl~-l]z is required to rcxcivc  a 25(I Lps tclcll~ctry,  whic,ll

is possil)]c  for tllc first 15 days only. l“igurc: [i(l))  slIows tllc  tClCII-tCtIy  lnargin  (ill d]]) as a

function  of days from laul~cll. Witl) aII 1’;11{1’  of 49.5 d]) and elevation ang]c  of 30 dcg,  a

]msitivc  tclmnctry  margiIl is availal>lcfor  al)out 15 days oIIly.

‘J’llc  first  few days of the cx])crilncl]t  cxpcriellccd a]] cxtrmncly  ullfavoralj]c wllcthw  during

wllicll  tl]c X-Land signal  was oljscrycd  Lut I)ot tlic  l{a-l)atld  signal. With Letter wcatl~er  and

aftcw last mil}utlc,  dc.l>ugging  in tl)c  system c,ollfiguratioll,  Lot, ]I the, X a]ld ]<a L:ind signals wcxc

rcccivcd  and tracked silllllltal)co~lsly. ‘J’clcmctry \vas rcccivd  on ly  for onc day at Ka-Lalld



and dccodd suc.ccssful]y.  l{’igurc  7(a) and (h) dc])ict the X and Ka-ba]ld  carrier in dl]-llz as

a functiol]  of Lilllc  on Jalmary  8L11, 1993. Note the. X-ljaI\d  siF;llal  was fading during  t}]at i,imc

])criod  duc to ])ointing  prob]cms  froln  the sl)ac,ccrai’t.  l)urillg  tl)at same ])criod, tllc Ka-band

sigl]a] was lost a s  cxpcctd. ‘1’llc X-l~alld signal  w a s  al)out  55 dll-]lz  while the l{a-hand

signals  was ill the I-aI}gc  of ] O-1 5 dll-l]z.  l)uri]lg  that sa]nc  period,  the diffcrcncc  I)ctwccll

X-1. MIIId rcccivd frcqucIIcy  a])d OIIC fourtl)  of I<zi- band roxivcd frequency is sl]cnvli  in l’ig. 8

wllicll clcar]y  illdic.atc.s  a slnal]  diflmmlc.  c lvl)c])  I)otll s i g n a l s  arc trackd.  l“igurc  9 (a) and

(L) dq,icts  tl,c rcccivcd  }~/A’O in dll-llz  f o r  botl) X a],d  Ka-1.,alld  sigl,als 01] Jal,uary 1 Gtll,

1993 and tl]c  rclaiivc frcxlucl~c.ics  as ol)sc.rvd  l)y tllc Al{X’s.  ‘J’l Ic I]lcasurclncnts  agrdc  W C] ]

wit]) tl)c ])rcdicts a]]d tllc l<a-l)a]ld  si~;]lals  ]ookcd s t a t i o n a r y  t o  tl]c  AI{X as lnost  l)oppler

lvas  I’C!II1OVCKI  by tllc 1 )Opplcr  tllllcr. l“i~;urc 10 (a) and (L) dc]>ic.tf  l’C/ArO in dll-l]z  for bot]l

X alId K;t-l)a])[l for tlIc  first 9 days of tllc  exj)cri]i]c]jt. Note tlIc  irregularity ill tl)c  l<a-1.)iiItd

sip,] la] l)C/ATO  due to tllc wcatllcr.

A s  for tllc tdcmct~y  rcccl)tio]], t}lat w a s  ])crforllld o]) JaTJuary 17’t,lI,  1993 wit]] total

rcccivd  Ka-l)alld po\\JcI’  a s  dq)ictcd  in l“ig;. 11.  OIIly fciv ]lours  of tclc]]lctry  was rcccivcd

wl)cn tl]c  l)y,/A~(l  was about  28 dll-11~,.  ‘1’hc c[fcctivc  lI;b/A~O  is dq)ictcd  in Fig. 12 as a function

of tilne. l“ro]]] 6 to 9 )Iours  ((J’IIC),  l’;b/A~O  was  bctw’ccn  O and 1 d]]. in additiol),  l“ig. 1 2

SIIOWS  the clcvatioll  ang]c a])(l systc]])  tclil])clatlllc of l.jot,l~  X and l<a-1.)al]d  s i g n a l s .  l~illally,

tllc 1]1’;1{  ]I]casurc]ncI]ts  a r c  dc]~ictcd  ill ltig. 13  as a function  of lI;b/ArO. tllc mcasul”cmcnts

a g r e e  wdl wit]] t]]c silnu]atio]ls  for ]~b/A’~,  bCt\!lCCII (1 a~ld 1 dll.

4 Conclusio]l

IPor tllc first time ill t h e  IIistory  o f  the I)SN, a Ka-band  siglal l]as l.)ccn rcccivcd and dc-

IIlodulatcd  from a deep spac,c spaccwaft.  ‘1’l]c carrier tracking mcmsurcmcnts  agree wdl with

])rcdictiolls.  As for tclclnctry  dctcctioll,  Ilot c]lougll clata was collmtccl  to co]lfirm,  with ]]igh

Con fidcnc.c, the Inodcls. ]Iut tl]c  little  data collcxtcd  agrux well with pmdictiol]s.
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Figure  1. Ka-band Advantage over X-band.
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X-BAND
DOWNLINK FREQUENCY (GHz) 8.417716050
SPACECRAFT PARAMETERS MEAN V A R
RF POWER OUTPUT (dBm) 46.53 .0171
CIRCUIT LOSS (dB) -3.66 .0202
HGA GAIN (dBi. ) 40.20 .0267
POINTING LOSS (dB) -gc)8 ~ 2 O–Q3.5

EIRP (dBmi) 8 2 . 2 2 ● 0715

Ka-BAND
33.67086420
MEAN VAR
14.3 . 1 0 1 3
- 1 . 5  . 0 2 2 4
3 7 . 0  . 0 0 6 7
-Q:5. <..00 ? 8
4 9 . 3 .1342

S P A C E  LOSS ((? lAU) (dB) -274.45 .0000 - 2 8 6 . 5 .0000

GROUND SYSTEM PARAMETERS (DSS 13 AT 50 DEG EL, 90% WEATHER)
ATMO . ATTENUATION (dB) -0.00 .0000 -0.3 .0004
ANTENNA GAIN (dBi) 68.11 .0056 77.9 .1204
SYSTEM NOISE TEMP(-dBK) :.3.4A.OQ . Q 029. :.1.5..3. . &2.5.7

GND, STA & COSMIC 22K 22K
ATMOSPHER1 C 3K 17K

G/T (dBi/K) 54.11. .0155 61.7 .1475
POINTING LOSS (dB) -0.10 .0000 -0.5 .0017
PLRZN & CKT LOSS (dB) -0.01. .0003 -0.2 .0004
BOLTZMANN CNST (-dBm/K/Hz) 29-8L6.Q .0000 _-2..98:l  ..-Q-QoQ.

PT/No (dB-Hz) @ lAU 60.37 .0873 22.4 .2838

At the end of the Telemetry Experiment Jan 18 1993 at 0.37 AU

PT/No = 69.00 .0873 31.0 .2838

At Solar Conjunction Dec 27 1993, at 2.45 AU

PT/No == 5 2 . 5 9  . 0 8 7 3 14.6 . 2 8 3 8

The above must be corrected for lc)wer DSS 13 elevation and Sun
effects which increase system temperature to an estimated 100K at
X-band and llOk at Ka-band (TBD VARIANCE), so that

PT/No = 4 6 . 5 9 TBD 10.1 TF3D

F’igure4.  l,i~lk I) NigII Corltrol I’able.
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Figure  5 .  DSS-13 KaBLE system Diagram. .
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(b) Doppler tullcxl frequency.

Figure 9. l{cceivcd  sigr,al  on January 16th, 1993.
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l“igure 10. q’llrce-dirllcl)sior)al  plot of Carrier SN1l’s.
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Figure 11. Ka-hancl  received power during telcnlctry clcrnons~ration.
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17igure 13. l<a-bal]d  telemetry decoder perforr~lal~ce.


